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CLAEMS 

What is claimed is: 

1 . A method for performing data transf^s within a computer system, the method 
comprising the steps of: 

causing a controller to perform the/steps of 

transmitting control information on a bus, the control information 

specifying a dat^transfer operation and a first location of data 
to be transfer 

after transmitting the ofontrol information on the bus, performing the 
/ steps of 

detejmi^Wa desired amount of data to be transferred in the 

i transfer operation; 
ransmitt^g over the bus additional locations of data if the 

: of data is greater than a predetermined 
lount of data; 

transnjlitting over the bus a terminate indication at a time that is 
based on the desired amount of data to be transferred; 
causing a memory device to perform the steps of 
reading the control information on the bus; 

performing/the specified data transfer operation on data stored at the 
first location; 
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performing the specified data transfer operation on data stored at the 
additional locations when the desired amount of data is greater 
than the amount of data associated with the first location; 

continuing to perform the specified data transfer operation until 
detecting the terminate indication on the bus; 

ceasing to perform the data transfer operation at a time that is based on 
the time at which the terminate indication is detected. 



1 2. 

2 | 

3 
4 
5 
6 



The method of Claim 1 further comprising the steps of: 

causing the controller to^ransnsdt / strobe signal on the bus after transmitting 

the control in^rmadon;]md 
causing the memory/device tq/bqfg^n performing the specified data transfer 



operation at 
the strobe si 



a time mat is ba^ed upon when the ; 
lal on t#e bus. 



ievice detects 



1 3 . The method of Claim 2 further comprising the steps of: 

2 causing the controlWto select an interleave pattern based on the specified data 

3 transfer operation and requests received for one or more data transfer 

4 operations other than the specified data transfer operation; and 

5 causing the controller to transmit control information over the bus for at least 

6 one of thef one or more data transfer operations after transmitting the 

7 control information for the specified data transfer operation and prior to 

8 transmitting the strobe signal. 
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1 4 . The method of Claim 1 further comprising the stops of: 

2 during the transfer operation, causing the controller to determine whether the 

3 memory device is to perform a precharge operation after the memory 

4 device performs the data transfer operation; 

5 at or about the end of the data transfer operation, causing the controller to 

6 communicate to the memory device whether the memory device is to 

7 perform a precharge operation after the memory device performs the. 

8 data transfer operation. / 

1 5 . The method of Claim 4 further wherein the step of causing the controller to 

2 communicate to the memdry device Whether the memory device is to perform a 

3 precharge operation af^er the memory device performs the data transfer operation 

4 includes the steps off l\ 

5 establishing la correlation between a ylunjjkfof clock cycles and a plurality of 

6 precoarge options; 

7 selecting a precfiafge option from the plurality of precharge options; and 

8 causing the controller to transmit the termination indication during a clock 

9 cycle that/corTesponds to the selected precharge option. 

1 6 . A memory device for storing data and performing data transfer operations, the 

2 memory device comprising: 

3 control circuitry coupled to a bus; and 
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memory for storing data; 

wherein the control circuitry is configured to read cotffrol information carried 
on the bus; 

wherein the control information includes data tl)^t specifies a data transfer 

operation and a first address; 
wherein the memory device is configured l6 perform the specified data transfer 

operation on data stored in the memory beginning at the first address; 
wherein the memory device is configured to perform the specified data transfer 
operation on data stored beginning at additional locations specified in 
address informatism carriey over the bus until detecting a terminate 
indication on the bi s; 



wherein the memory devic 
time thjat is based 
detecti 



anc 



v ceases to perform the d^ta transfer operation at a 
e time at whiplfthe terminate indication is 



7 . The memory device of Claim 6 further configured to detect a strobe signal on 
the bus, and to begin performing the specified data transfer operation at a time based 
on the time at which the strobe signal is detected. 



1 8 . The memory device of Claim 6 further configured to read address information 

2 carried on one or more lines of the bus while performing the specified data transfer 

3 operation using one it more other lines of the bus, wherein the address information 

4 specifies where data involved in the specified data transfer operation is located. 



073305.P048 



-74- 



1 9 . The memory device of Claim 7 wherein the control information specifies a 

2 location of a first set of data, the memory device being configured to retrieve the first 

3 set of data from the location prior to detecting the strobe signal. 



1 10. The memory device of Claim 9 wherein: 

2 the memory device is further configured to/read address information from one 

3 or more lines of the bus, 

4 the address information specifies locations for one or more additional sets of 

5 data to be transmitted-in the data transfer operation, 

6 the memory device retrieves the ape or more additional sets of data upon 

7 reading the /ddress inforaiation, and 

8 the memory deviqe transmits ml o\e or more additional sets of data after 

9 transmitting the firs/sdt of data. 

1 11. A method, for use iXajriefnory controller, for maximizing usage of a bus that 

2 connects the memory controller to one or more memory devices, the method 

3 comprising the steps of: 

4 selecting an interleave pattern based on requests received for a plurality of data 

5 transfer operations; and 

6 for each data transfer operation of the plurality of data transfer operations 

7 transmitting control information over the bus, wherein the control 

8 /information specifies the data transfer operation; 
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determining how much time must elapse between ^transmission of the 
control information and the start of the <J4ta transfer operation 
to provide the interleave pattern; and 

transmitting a start indicator over the bus that specifies when the data 
transfer operation is to begin. 



1 12. The method of Claim 1 1 wherein the step of transmitting a start indicator is 

2 performed by transmitting a delay value in the control information, the delay value 

3 indicating when the data transfer operation is to bfgin relative to the time at which the 

4 control information is transmitted over the bus J 



1 

2 
3 
4 
5 



1 3 . The method of Gain/ 1 1 wherein md step of transmitting a start indicator is 
performed by transmitting a strobe signal selected number of clock cycles after 
transmitting the control Liformation, wh/rein the number of clock cyflesns determined 
based on how much time^nust elapse hfetwe^n transmiss^ft'tff the control information 
and the start of the data traksfer operation to provide the interleave pattern. 



1 14. A method for reducing the/number of lines required to transmit control 

2 information to one or more memory devices, the method comprising the steps of: 

3 transmitting a request packet that specifies a data transfer operation over a 

4 channel to which the one or more memory devices are connected, 

5 wherein the request packet includes a value that indicates how to 
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identify a strobe signal associated with the data transfer operation that 
will appear on a particular control line of the channel; 

transmitting zero or more control signals with signal characteristics identical to 
the strobe signal on the particular control line after transmitting the 
request packet and prior to transmitting the strobe signal; and 

transmitting the strobe signal on the particular /ontrol line. 



1 15. The method of Claim 14 wherein the valuer indicates how many signals that are 

2 identical to the strobe signal will appear on the particular control line prior to the strobe 

3 signal. 

1 16. The method of Clai/n 14 whereiny6)$| data transfer operation is one of a 

2 plurality of data transfer o|>erations to bfe BMformed over the channel, the method 

3 further comprising the sted of dynam^daj/y de^rmining an interleave pattern for the 

4 plurality of data transfer operations ! Mierein the amount of time between the 

5 transmission of the request packet^nd the transmission of the strobe signal varies 

6 based on the interleave pattern. 



1 17. The method of Claim Y4 further comprising the steps of 

2 causing the one or more memory devices to enter a powered down mode in 

3 which the o/e or more memory devices do not monitor the channel; 

4 and 
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transmitting a wakeup signal over the particular control line prior to 

transmitting the request packet, the wakeup simal causing the memory 
device of the one or more memory devices tMat is required to service 
the data transfer operation to exit the pow^r down mode and to begin 
monitoring the channel. 



i 
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18. A method, for use by a memory controller coupled to a memory device over a 
bus, for deferring precharge decisions, the methoa comprising the steps of: 

transmitting a request packet to the memory device over a first number of lines 
j of the bus, wherein the requestroacket specifies a data transfer 

operation; 

receiving requests for/additional dMa transfer operations while the memory 
device is performing theyHafta transfer operation; 



determining, based 



on the requests re&ttiedierlEe additional transfer 
transaction!, whethep^i precharge operation should be initiated after the 
data transfer )apej«ftic(n; 
transmitting to the memory device over a second number of lines of the bus, at 
or about the end of the data transfer operation, a control signal that 
indicates whether a precharge operation should be initiated after the 
data transfer operation, wherein the second number of lines is less than 
the first number of lines. 
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19. The method of Claim 1 8 wherein the step of transmitting the control signal is 
performed by transmitting a termination signal to the memory device, the memory 
device terminating the data transfer operation at a time that is based on when the 
memory device receives the termination signal. 
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20. The method of Claim 19 wherein: 

the memory device is configured to terminate the data transfer operation after a 
particular data packet is transmitted if the memory device detects the 
termination signal on any one/of a plurality of clock cycles; 
j the memory controller indicates tha/a precharge operation is to be performed 
by transmitting the terrnination signal on a particular clock cycle of the 
plurality of c]/xk cycles 
the memory contrdller indicalt)6s that a precharge operation is not to be 

performed by transmitting the termmauonsigriaTon a different clock 
cycle of £he plurality dfclock cydesfand 

ce initials a precharge operation based the clock cycle on 
ation signal is detected by the memory device. 



the memory dev 
which thi 



1 21. 

2 

3 

4 

5 



The method of Claim 19 wherein: 

the memory device/contains a plurality of banks; 

the memory device terminates the data transfer operation after a particular data 
packet isytransmitted if the memory device detects the termination 
signal on any one of a plurality of clock cycles; 
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the method further includes the step of establishing a oorrespondence between 
the plurality of clock cycles and the plurality of banks; 

the memory controller indicates a bank within the/memory device on which a 
precharge operation is to be performed by transmitting the termination 
signal on the clock cycle of the plurality of clock cycles that 
corresponds to the bank; and 

the memory device initiates a precharge operation on the bank that corresponds 
to the clock cycle on which the ^memory device detects the termination 
signal. 

A method for performing a data transfer operation, the method comprising the 
steps of: 

causing a controller to perfcjnli the steps of 

constructing an operation code for the da&Ntransfer operation, the 

operation dpa^cluding^ of bits that correspond to a 
plurality ^f control lines within a memory device; and 
transmitting tb^bperatipn code to the memory device over a bus; 
causing the memory device to perform the steps of 
receiving the operation code over the bus; 

for each control line of the plurality of control lines, applying a signal 
to the control line based on the value of the bit that corresponds 
to tme control line in the operation code; and 
performing the data transfer operation specified in the operation code. 
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1 23 . The method of Claim 22 wherein/ 

2 one of the control lines is a writ^ control line; 

3 the plurality of bits includes a pit that corresponds to the write control line; 

4 the method further comprise/ the steps of: 

5 the controller setting the bit that corresponds to the write control line 

6 based on whether the data transfer operation is a write 

7 operation or a read operation; and 

8 the memory device applying a signal to the write control line based on 

9 j whether the bit that corresponds to the write control line is set. 



1 24. 
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one off the contn 
the pi orality of 
the method 



The method^Clatm 22 wherein: 
the memory devi<$ includes a plurality 

1 line; 

.includes a bit Jfa&t corresponds to the register control line; 
the steps of: 

filer setting the bit that corresponds to the register control line 
based on whether the data transfer operation is a register 
operation; and 

the/ memory device applying a signal to the register control line based 
on whether the bit that corresponds to the register control line is 
set. 
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1 25. The method of Claim 22 wherein: 

2 the step of receiving the operation code over the bus includes receiving each of 

3 the plurality of bits at different pins of the memory device; 

4 the method further comprises the steps of 

5 routing each of ithe bits from the pin on which it was received to a 

6 decoder associated with the control line to which the bit 

7 corresponds; 

8 causing the decoder associated with each control line to apply a signal 

9 to the control line based on the bit that corresponds to the 
10 / control line and state information maintained in the decoder. 
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A methcxi for use 



request packet, thj 



a memory device to determine whether to process a 
ethod comprising the steps of: 
receiving the reqiierft backet over a bus, the request packet including an 

tionj/ode that specifies a data transfer operation and an address; 
dress in the request packet to an address associated with the 
device; and 
processing the request packet if either 

the address in the request packet matches the address associated with 

Ihe memory device, or 
a particular bit in the operation code has a particular state. 



company 

memory 
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1 27 . A method for performing data transfer operations, lne method comprising the 

2 steps of: / 

3 causing a controller to perform the steps of: / 

4 receiving a request for a data transfeyoperation; 

5 determining a memory device that will be involved in the data transfer 

6 operation; / 

7 determining whether the memory device should perform any internal 

8 memory core operatic/ns before or after performing the data 

9 transfer operation; / 

10 I transmitting over a bus coptrol information that includes a first set of 

1 1 bits iMt specify me data transfer operation and a second set of 

12 bit/ that specifvoero or more internal memory core operations 

13 ta be performed oy the memory device • 

14 causing the memory device jo perform the steps of: 

1 5 receiving me control imoramion over the bus; 

16 performing the dap transfer opei^tioa-speCified in the first set of bits; 

17 and J 

18 performing the internal memory core operations specified in the second 

19 set of bits. 

1 28. The method of Claimf 27 wherein the second set of bits specifies a sequence to 

2 the data transfer operation and the internal memory core operations, the 
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memory device performing the data transfer operation and the internal memory 
core operations in the sequence specified by the second set of bits. 

29. The method of Claim 27 wherein: 

the controller maimains a record of a current stato^of the memory device; and 
the step of determining whether the memory device should perform any 

internal memory core operations is performed by the controller based 

on the current state of the memory device. 



?0. The method of Claim 29 wherein: 

the controller maintains a record of ai/ address of data that is currently stored in 
sense amplifiepSin the^mem^ry device; and 

the controller perfonns the stedlof y&etermining whether the memory device 
should perform any internal memory core operations based on the 
address of data that is currently stored in sense amplifiers in the 
memory \levice and address of the data involy&eHnthe data transfer 
operation: 



3 1 '. A memory device for stopng digital data, the memory device including: 
a power supply line; 

a plurality of banks coupled to the power supply line, each bank of the 

plurality of ba/iks drawing current from the power supply line when a 
core operation is performed on the bank; 



073305.P048 



-84- 

contxol circuitry coupled to the plurality of banks and to^n external bus, the 

control circuitry receiving requests for data transfer operations over the 
external bus; 

the control circuitry being configured to detect When performance of any of the 
data transfer operations would result in core operations being 
concurrently performed on two or more of the plurality of banks; and 

the control circuitry being configured to j^erform each of the data transfer 

operations only if performanc^of the data transfer operation would not 
result in core operations being concurrently performed on two or more 
of the plurality of banks. 



3 2 . The memory device of CI; 



to all banks on th 



power 



3 1 further comprising a queue that corresponds 
tpply line, the corrtretfcircuitiy placing data transfer 



operations that re juire pefflfonnance o^ctfre operations on any of the plurality 
of banks into the queueZthe control circuitry sequentially servicing the queue 
to prevent core operations from being concurrently performed on two or more 
of the plurality of bi 



3 3 . The memory device of Claim 3 1 wherein the control circuitry is configured to 
ignore each data transfer operation whose execution would result in core 
operations being concurrendy performed on two or more of the plurality of 
banks. 
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1 34. The memory device of Claim 3 1 further comprising a queue, the control 

2 circuitry placing data transfer operations that require Performance of core 

3 operations on any banks in the memory device inter the queue, the control 

4 circuitry sequentially servicing the queue to prevent core operations from being 

5 concurrently performed on two or more banks/within the memory device. 

1 35. A memory device for use in a computer system that includes a controller 

2 coupled to a channel, the memory devic/comprising: 

3 an input circuit coupled to the channetf the input circuit being configured to 

4 A receive control information firom the controller over the channel, the 

5 control informatipnlTCci^ng data transfer operations, wherein the 

6 data transfer operations iiclude some data transfer operations that 

7 require core operatiomaAnust be performpeffor the memory device to 

8 perform theldata traiMeV operatioptf; 

9 a plurality of memory banks; 

1° a power supply line OQUj/ld to the plurality of memory banks, the power 

1 1 supply line for carrying current to the plurality of memory banks to 

12 supply current required to perform the core operations, the power 

13 supply line being configured to reliably supply current for no more 

14 than one core/operation at a time; 

15 control circuitry coupled to the input circuit, the control circuitry being 

16 configured io cause the memory device to perform the data transfer 

1 7 operations/ specified in the control information without regard to 
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whether performance of the transfer transactions would cause more 
than one core operation to be concurrently performed on the plurality 
of memory banks, the controller controlling transmission of the control 
information to prevent more than one core operation from being 
concurrently performed on the plurality of memory banks. 



36. A method for performing data transfers witfain a computer system, the method 
comprising the steps of: 

causing a controller to perform the step/ of 
A transmitting control information on a bus, the control information 

specifying aji^ta transfer operation and a first location of data 
to be transfer 
determining a delay intfti^al; 

transmitting A control #pal over the bus after the delay interval has 
elapspd from )lvhe\the step of transmjtiirig the control 
Mon^tiorvfrn the bus wasperformed; 
causing a memory device tfo perform the steps of 
reading the control information on the bus; 
detecting the control signal on the bus; 

performing the specified data transfer operation on data stored at the 
first location at a time based on when the control signal was 
detected on the bus. 
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1 37. The method of Claim 36 further comprising the stet/of causing the controller 

2 to change the delay interval for successive data transfer operations. 

1 38. The method of Claim 36 further comprising me step of causing the controller 

2 to determine a desired interleave, wherein the controller performs the step of 

3 determining a delay interval based on the desirea interleave. 

1 39. The method of Claim 36 further comprising the steps of: 

2 causing the controller to transmit a/terminate signal over the bus; and 

3 / causing the memory device to continue to perform the data transfer operation 

4 until detecting the terminate signal on the bus. 



1 40. A memory controller co; 



figured to maximize usage of a bus that connects the 
/memory devices, the memory controller 



2 memory controller to ope or mo : 

3 comprising: 

4 a control unit <jonfigurq{J to^elect an interleavp-jJattern based on requests 

5 received for a ^Jur^t^oldata-tfahsfer operations; and 

6 an output unit cfoplea/to the control unit and to the bus; 

7 the control unit being further configured to perform the following steps for 

8 each data transfer operation of the plurality of data transfer operations: 

9 transraittirig control information through the output unit to the bus, 

10 Wherein the control information specifies the data transfer 

11 operation; ' — 
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determining how much time must elapse between transmission of the 

control information and the start of the data transfer operation 

to provide the interleave pattern; and 
transmitting a start indicator through the output unit to the bus, wherein 

the start indicator specifies when the data transfer operation is 

to begin. 
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1 41. The memory control^foKClaim 40 wherein the step of transmitting a start 

2 indicator is performed byyfransmiff^nj* a delay value in the control information, the 

3 dfclay value indicating when the d^jji transfer operation is to begin relative to the time at 

4 which the control infon nation is t^jbsmitted over thej 

1 42. The memory controUetfpf Claim 40 wherein the step of transmitting a start 

2 indicator is performed by transmitting a strobe signal a selected number of clock 

3 cycles after transmitting the/control information, wherein the number of clock cycles is 

4 determined based on how much time must elapse between transmission of the control 

5 information and the start pf the data transfer operation to provide the interleave pattern. 
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